Summary: Distal interlocking in intramedullary nailing of long bone fractures accounts for a significant proportion of the total fluoroscopy and operative time. We describe a modification of the ''perfect circles'' freehand technique employing a metallic grid temporarily attached to the skin of the lateral surface of the femur or to the medial surface of the tibia that acts as a fixed ''navigational'' aid. The position of the distal nail holes in relation to the grid is fluoroscopically ascertained. Subsequently, under fluoroscopic control, a modified Steinmann pin with a metallic handle attached to its blunt end (''flag'') is used to accomplish targeting and to create the screw holes, affording improved visualization. This technique was compared with the traditional freehand technique in 2 groups of patients. Use of the modified technique led to reduction of radiation exposure and total distal interlocking time, and there were no significant complications related to the technique.
S
everal simplified techniques, tips and pearls, jigs, laserassisted and mechanical guiding instruments, self-guiding and bundle-type nails, and surgical navigation systems have been used to perform distal interlocking of intramedullary nails, but none has found widespread acceptance. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Mechanical aiming systems had been introduced for radiationindependent tibial and femoral nail interlocking, but they were not successful because of failure to take into account the deformation the nail undergoes during insertion into the medullary cavity. [14] [15] [16] More recently developed aiming devices, which take nail deformation into account, facilitate distal interlocking with limited exposure to radiation. [17] [18] [19] [20] [21] [22] Despite the development of sophisticated techniques and devices, the freehand method remains the most commonly used distal interlocking technique. 2, 3, 20, 21 We describe a modification of the ''perfect circles'' technique for distal interlocking of femoral and tibial nails using a metallic grid and a ''flag.'' The technique evolved secondary to the desire to minimize radiation exposure and to accelerate distal interlocking insertion.
TECHNIQUE
The patient is positioned supine on the fracture table, and the fracture is reduced and nailed under fluoroscopic control. As soon as the nail has been inserted, 2 not commercially available devices are used to perform distal interlocking (Fig. 1) . The first device, the ''flag,'' consists of a 20-cm-long and 3.0-or 4.0-mm-thick Steinmann pin, depending on the core diameter of the locking screws, with a quadrilateral 1-mm-thick stainless steel plate permanently attached to its blunt, proximal end at a 45°angle using standard arc welding. The dimensions of the metallic plate are 6 cm 3 2.5 cm 3 1 mm. The preparation of the ''flag'' is fast and easy. This modification was undertaken to provide a handle that would facilitate holding of the Steinmann pin during targeting. At the same time, the surgeon's hand is kept further away from the primary radiation beam. A flag can be used for 30 times before it needs to be replaced, and it should be changed only when the tip becomes blunt. The second device used is a stainless steel grid with external dimensions of 20 3 10 cm, whereas the internal dimensions of the grid's quadrants are 10 3 10 mm. Prior to distal interlocking, the grid is temporarily attached to the skin of the lateral surface of the femur or the medial surface of the tibia using a plastic adhesive drape (Fig. 2) . After the intramedullary nail has been inserted, the distal nail holes are fluoroscopically viewed as perfect circles. The radiation beam is directed from medial to lateral to minimize exposure to scattered radiation. 23 On the screen, the external metallic grid is superimposed on the distal nail holes (Fig. 3) . The exact position of the distal nail holes in relation to the metallic grid is ascertained by referring to the grid's quadrants. A hemostatic clamp is attached to the grid to provide reference. A 0.5-to 1-cm-long skin incision is performed at the appropriate quadrant, the fascia lata, and the vastus lateralis fibers or the medial tibial subcutaneous tissue are bluntly dissected and unobstructed access to the lateral femoral or the medial tibial surface is obtained. Through the skin incision, a modified Steinmann pin is positioned in contact with the bone cortex at a 30°angle in a proximal to Accepted for publication November 13, 2004 distal direction to avoid obscuring the view. The sharp, long tip of the Steinmann pin is used to locate the center of the more distal of the distal nail holes, and this is verified fluoroscopically. The surgeon may start the procedure choosing any other nail hole, i.e., it is not mandatory to start with the most distal nail hole. The most proximal or any other hole can be chosen because the technique is flexible. A distal to proximal screw insertion is preferred, although the reverse screw insertion order can also be chosen. Rarely is deviation more than 2 mm in relation to the screw hole center encountered. In cases of significant deviation, the Steinmann pin is repositioned, sliding it on the cortex without loosing contact. Slight deviation is acceptable, i.e., it is not necessary for the Steinmann pin to point to the geometric center of the screw hole. Subsequently, with smooth rotational movements, the tip of the pin starts penetrating the cortex and is then positioned parallel to the radiation beam. The pin is advanced through the near cortex and the nail with hammer blows, and its tip can usually be felt protruding through the far cortex (Fig. 4A ). The inclination of the flag can be easily changed, taking advantage of the skin elasticity and of the loose connection between the grid and the skin via an adhesive drape. A second pin is then inserted, preferably in the more proximal hole using the same technique ( Fig. 4B , C), although any other nail hole can be selected. The first pin is removed and a screw of appropriate length is inserted followed by insertion of the second screw ( 
MATERIALS AND METHODS
To compare the modified with the classic freehand technique, 106 patients operated between October 1997 and January 1999 were allocated to 2 groups. The study was prospective, but not randomized. There were no demographic differences between the 2 groups, and adolescents were included in both groups. The first 2 authors, who are experienced trauma surgeons performing more than 70 nailings each annually, did most of the operations. All surgeons were skilled in both techniques. Group A included 62 patients with 24 femoral and 39 tibial fractures, and group B 44 patients with 15 femoral and 31 tibial fractures. In group A, the modified technique was used, whereas in group B, the classic freehand technique was used. The patients' age in group A ranged between 12 and 67 years (mean 31.5 years) and in group B between 11 and 29 years (mean 25.2 years). In adults, reamed nailing was performed, whereas in adolescents, unreamed nailing was done. The total time necessary to obtain a perfect circles view and to insert the distal screws was measured. The difference between the freehand and the flag and grid techniques regarding interlocking time, number of radiographs taken, and radiation time was statistically compared using the Student t test for independent samples. Differences were 
RESULTS
In group A, there was no difficulty with screw insertion, despite the lack of formal drilling and the fact that most patients were young and their bones were expected to be dense. Total distal interlocking time was 5.1 6 2.7 minutes with the flag technique and 19 6 7.1 minutes with the freehand technique. With the flag technique (group A), distal targeting required performance of 5 to 9 radiographs (mean 6.2), and the radiation time ranged between 0.05 and 0.09 minutes (mean 0.062 minutes). When the freehand technique was used (group B), distal targeting required 17 to 52 radiographs (mean 28.4), and the radiation time ranged between 0.17 and 0.52 minutes (mean 0.284 minutes). The difference regarding interlocking time, number of radiographs, and radiation time were statistically significant (P , 0.001, for all comparisons). There were no failures in inserting the distal screws with the modified technique. However, in 2 cases, limited blowout of the far distal femoral cortex was observed probably because of dullness of the pin's tip. This complication had no impact on the postoperative course, did not compromise nail fixation, nor did these screws back out. Using the freehand technique, 4 screws missed the nail and 5 screws were not inserted due to enlargement of the proximal cortical hole secondary to repeated drilling. There were no complications from the missed noninserted screws.
DISCUSSION
A modification of the freehand technique for distal interlocking has been described using a modified Steinmann pin and a metallic grid, with which radiation exposure and interlocking time have been significantly reduced.
Several techniques have been devised and many devices have been designed to facilitate distal interlocking, but currently the freehand technique is the most successful and most widely used method. 2, 3, [20] [21] [22] [23] [24] [25] The freehand, perfect circles technique is the gold standard to which all other techniques are compared but it has 3 disadvantages: the learning curve of the technique is steep, the amount of radiation exposure may be significant, and the technique may be time consuming. 1, 4, 12, 17, 19, 21, 25, 26 Additionally, minimal position errors may result in drill hole misplacement and screw malpositioning, whereas overdrilling or repeated drilling of the proximal cortex may jeopardize screw purchase. The contribution of distal interlocking radiation to the total radiation has been reported in several studies. 4, 19, [27] [28] [29] [30] Distal interlocking radiation time with the freehand technique, presented as a percentage of the total radiation time, has been reported to be 29%, 4 31%, 27 40%, 28 and 57%. 29 In one study, despite the use of a radiolucent drill, distal targeting radiation accounted for 50% of the total radiation. 19 Use of a radiolucent drill may reduce but certainly does not eliminate exposure to ionizing radiation. Furthermore, this drill is expensive and not readily available in all operating theaters.
Distal interlocking is time consuming. Sanders et al, 30 using the freehand technique to perform distal interlocking in the femur and the tibia, reported the mean time for screw insertion was 30.2 and 13.25 minutes, respectively. In a further relevant study, distal interlocking time with and without a targeting device was 17.06 and 19.08 minutes, respectively, whereas the total surgical time was 81 versus 85 minutes, respectively. 17 In other words, distal interlocking consumed approximately 20% of the total operation time. Distally based targeting devices reduce screw insertion time. In a study comparing a fluoroscopy-free mechanical targeting system to the freehand technique, distal locking time was 16.7 6 8.6 and 21.9 6 10.5 minutes, respectively, whereas the screw insertion failure rate was 1.6% in both groups. 25 The freehand technique has been compared to the AO distal aiming system in the femur. 31 The average distal locking time was 35.8 6 18.6 and 19.3 6 9.8 minutes, respectively, whereas the average number of images taken to achieve distal locking was 11.5 6 3.4 and 3.8 6 3.5, respectively. The average distal locking time using the distal aiming device decreased by 46.1% and the total radiation by 70%. 31 Distal locking time in reamed and unreamed tibial nailing is similar. 1 In a comparative study, the total operation time in reamed and unreamed nailing was 70 and 59 minutes, respectively, whereas distal locking time was 13 and 14 minutes, respectively.
1 Distal interlocking using the freehand technique required 18.57% and 23.7% of the total operating time, respectively.
The technique described in this paper is completely different than the Grosse-Kempf C-arm-based targeting technique, the radiolucent handle, and other devices that have been used. 4, 6, 7, 9, 11 The metallic grid used acts as a fixed ''navigational'' aid, minimizing primary beam exposure and facilitating location of the distal nail holes. It can be used universally with success without relying on expensive tools or guides, the devices used are easy to manufacture, the required materials are readily available, and their cost is approximately $15. The location of the nail hole can be also accomplished using the handle of a clamp. However, this maneuver directly exposes the surgeon's hand to the radiation beam, and the position of the clamp is frequently adjusted more than once. In contrast, only 1 radiograph is necessary to precisely locate the distal nail holes when using the grid.
Drilling of the screw hole is performed using a pointed Steinmann pin, with a diameter corresponding to the core diameter of the locking screws. The pressure at the tip of the pointed Steinmann pin is high, due to the concentration of the mechanical energy of the hammer blow at a very small area, i.e., its tip. Additionally, distal locking takes place at the expanding distal part of the femur, where the cortical bone is thin and the metaphysis contains mainly cancellous bone. Inserting a Steinmann pin has never been troublesome in our experience, despite the young age of our patients. The use of a longer, tapered tip of a pin facilitates also fluoroscopic visualization of the distal nail hole, whereas the wider, beveled tip of a drill bit may impede targeting by obscuring visualization. 24 Use of a drill bit is not absolutely necessary to drill the screw hole, and use of a Steinmann pin has been recommended by other authors. 24 Many locking screws used in modern nailing systems are self-tapping and may create their own exit hole, especially in the distal femur. Furthermore, the smooth pin avoids wrapping of soft tissue, so loss of direction due to impaired visualization is less likely. If a drill bit is used and a drill hole has been opened in a wrong position, subsequent redrilling and screw insertion may be difficult. A Steinmann pin is used instead of a drill bit because the former is stronger and breaks less easy than the side-cutting drill bit. Furthermore, the sharp tip of the pin obstructs the fluoroscopic view less when compared with the more cylindrical drill bit.
The technique described is suitable for reamed and unreamed nails, but the size of the pin should correspond to the core diameter of the locking screws. This technique may be modified to allow multidirectional placement of screws, i.e., mediolaterally or anteroposteriorly by placing the metallic grid at the medial or the anterior surface of the distal femur or tibia, respectively.
Although not yet used in our practice, the described technique can hypothetically be employed for humeral nail interlocking. In that situation, a thinner Steinmann pin and a smaller grid should be used, attached to the distal lateral or anterior surface of the humerus.
In our experience, errors with this technique are rare. The most common error is blowout of the far cortex secondary to the use of an oversized or blunt Steinmann pin. This complication was encountered twice in our experience and did not endanger the fixation. The technique is easy to master, flexible, straightforward, and successful.
As with most interlocking techniques, this technique requires fluoroscopic guidance but radiation exposure is kept to a minimum, consequently reducing the total operating time. It is a universal, reproducible, and inexpensive technique that does not necessitate the use of external guides or expensive navigation systems.
